The Large Magellanic Cloud (LMC) was the largest galaxy in a group of galaxies that entered the Milky Way (MW) system at late times. Seven of the 11 brightest dwarf galaxies of the MW may have been part of this system. The association of dwarfs with the plane of the LMCs orbit has been used to argue that they are formed from tidal debris from LMC and SMC (Kroupa et al. 2005) . Instead, we find that they owe to the tidal breakup of the Magellanic Group. The Cold Dark Matter (CDM) paradigm suffers from the smallscale structure problem where 500 galaxies as massive as Draco and Ursa Minor are expected, but only 11 are seen. If seven of the 11 observed were part of the LMC group, the substructure in this group is close to CDM predictions. There are other likely nearby dwarf groups, including a second Milky Way group associated with Fornax (Lynden-Bell 1982), great circles of satellites in M31 (Koch & Grebel 2006) and groupings of otherwise isolated dwarfs (Tully et al. 2006) . For the first time, we build he circular velocity distribution of the satellites in system as small as groups of dwarf galaxies, using the dwarf galaxies that likely entered with the LMC system and data on nearby dwarf systems. Our work points to natural mechanisms that lead to less suppression of satellites in dwarf groups providing an explanation for the missing satellite problem in the Local Group.
INTRODUCTION
The Cold dark Matter theory is a extremely well-defined model with detailed predictions from numerical simulations. Among the surprising predictions has been the overturning of the classic picture of galaxies successively merging and erasing substructure (White & Rees 1978) . In that classic picture, galaxies were well understood and galaxy clusters were puzzling. This situation has reversed with the new generation of cosmological simulations (Moore et al. 1999 , Klypin et al. 1999 . Indeed, the substructure distribution inside the dark halos fit the observations of substructure in galaxy clusters very well (Desai et al. 2004 ). However, a general prediction of ΛCMD models is that all objects form with significant substructure. This shifts the puzzle to galaxies, where the theory predicts are scaled versions of galaxy clusters but the observations show little substructure. The cumulative substructure function is the number of galaxies with a velocity scale greater than a fraction of the parent halo's velocity, v par , and is nearly invariant with parent halo mass owing to the nearly scale-free properties of CDM models (Moore et al. 1999) . For parent halos from 10 11 − 10 14 M ⊙ simulated in a cosmological context, Reed et al. (2003) find a self-similar distribution of the number of satellites inside a dark halo with a velocity of v sat given by
with a halo to halo cosmic variance of a factor of two to four. A few years ago, a dozen dwarf galaxies were known with dispersions greater than 9 km s −1 (e.g. Mateo 1998) , whereas now there are ∼ 30 known dwarf galaxies with dispersions greater than 3.3 km s −1 (see Simon & Geha 2007 and reference therein) . In either case, this is a factor of 40-50 fewer Electronic address: lake@physik.unizh.ch; elena@physik.unizh.ch 2 Marie Curie Fellow than the mean expected from the theory. On larger scales, the substructure function inside clusters is now well determined from the Sloan Digital Sky Survey (Desai et al. 2004 ). There are spotty observations between clusters and galaxies with limited data on fossil groups, Cen A, the Local Group and some compact and X-ray groups (D'Onghia & Lake 2004 , D'Onghia et al. 2008 ). These show a clear deficiency of substructure in systems of ∼ 10 12 M ⊙ with typical mass of the Milky Way and mixed results for systems with typical mass of a few ×10 13 M ⊙ . Hence, we still know very little about the behavior of substructure over a range of masses.
In addition to abundant satellites, the theory predicts an increasing number of dwarf galaxies in the field. However, like the low mass satellites, these objects are also rare. Hence, extending substructure results to small systems seem difficult as it amounts to exploring rare objects that host rarer objects. In this paper, we reconstruct for the first time a circular velocity distribution of the satellites in system as small as groups of dwarf galaxies, using the dwarf galaxies that likely entered with the LMC system and data on nearby dwarf systems.
In §2, we consider this data on the LMC system and the nearby dwarf systems. §3 looks at a representative such system that falls into a Milky Way sized halo in a cosmological simulation. §4 considers the implication of these results for the problem of the missing satellites.
2.
Evidence for a Disrupted Magellanic Group
Since the earliest reference by Abd Al-Rahman Al Sufi (946), the LMC and SMC have been viewed as a pair owing to their visual proximity. The clouds have been modeled as either a bound pair or one that became unbound on a very recent perigalacticon passage (Lin & Lynden-Bell1982) . The "Magellanic Bridge" of neutral hydrogen supports their connection (Kerr et al. 1954) . New distances and proper motions show that the clouds are traveling together but they have become unbound. The LMC is at a distance of 49 kpc from the Galactic center. Proper motions show that it has a radial velocity of 89 ± 4 km s −1 and a tangential velocity of 367 ± 18 km s −1 in galactic coordinates (Kallivayalil et al. 2006a ). The SMC's proper motion implies a velocity relative to the LMC of 105 ± 42 km s −1 and a separation of 23 kpc (Kallivayalil et al. 2006b ). Given the circular velocity of the LMC (76 km s −1 ) and the group's large initial virial radius (∼ 75 kpc), the relative velocity of the SMC seems to be modest. However, the current tidal radius of the LMC group is only ∼ 10 kpc, so the SMC is almost certainly unbound, although it can travel with the LMC for a long time owing to its relative retrograde motion and the larger effective tidal radius for such an orbit (Read et al. 2006) . Simply put, the SMC travels in an epicycle around the LMC so that they remain near for several orbits after tidal breakup (Kallivayalil et al. 2006b ). The orbits of the pair depend on the total mass of the Milky Way. Using a traditional mass model with a total virial mass of 2 × 10 12 M ⊙ , the orbit of the clouds has a rough peri-and apogalacticon of 50 and 150 kpc (Kallivayalil et al. 2006b ). They also ran the orbits backward including dynamical friction; the apogalacticon was ∼250 kpc 10 Gyr ago while the perigalacticon has decayed only slightly (Kallivayalil et al. 2006) . With a traditional mass model, the Magellanic group likely entered the Milky Way halo at a redshift between 2 and 3 or even at later times. Recent work by Besla et al. (2007) uses a model with a total mass of just 1x10
12 M ⊙ to argue that the LMC has just fallen into the Milky Way and is moving at nearly the escape velocity at its radius and is approaching its orbital pericenter for the first time. This model requires a mass that is a factor of 2 less than the mass found by timing the orbit of M31 and the Milky Way (Kahn & Woltjer 1959 , Lynden-Bell 1999 and cosmological simulations show that the systematic error with applying the timing argument is not so large, although there is a large scatter (Li & White 2007 ). While we had assumed that a group that fell in so late would be too tightly grouped for our model, the example we will show in §4 is such a late infalling group.
We also note that there is considerable evidence for tidal debris from the LMC group that supports the idea of the LMC being the remnant of a disrupted group. Hereafter we refer to this disrupted group as LMC group. Microlensing studies of the Magellanic clouds find more self lensing than anticipated (Alcock et al. 1997 , Palanque-Delabrouille et al. 1998 . This is normally interpreted as self-lensing by the Magellanic Clouds, although this was surprising for the LMC as it appeared to be a thin disk (Gyuk et al. 2000) . Zaritsky and Lin (1997) find direct evidence for an intervening stellar population as well.
An interesting feature of the LMC group is that its angular momentum is comparable to the rest of the Milky Way, but oriented at 90 o to that of the galactic disk. The specific angular momentum of an exponential disk rotating with constant velocity v circ = 220 km s −1 and scale length r s = 2.8 kpc (Dehnen & Binney 1998 ) is 2 v circ r s ∼ 560 kpc km s −1 . The specific angular momentum of the LMC is its galactocentric distance times its transverse velocity relative to the galactic center. From Kallivayalil et al. (2006b) , this is 1.8 × 10 4 kpc km s −1 . Hence the the LMC group has a specific angular momentum that is roughly 20 times greater than the disk of the Milky Way. The mass of the LMC group was roughly ∼ 0.04 the mass of the Milky Way. If we assume that the entire halo of the galaxy has the same specific angular momentum as the disk, we find that the total angular momentum of the LMC group is greater than the product of the entire mass of the Milky Way system times the specific angular momentum of the disk. This tilts the angular momentum vector of the Milky Way system by ∼ 45 o and has strong implications for comparing cosmological simulations of angular momentum to present day galaxies (see e.g. Navarro, Abadi & Steinmetz 2004).
The LMC Group and its satellites
Dwarf galaxies associated with the Magellanic Plane Group (Kunkel & Demers 1976) have increased with time and now include a long list of candidates: Sagitarius, Ursa Minor, Draco, Sextans and LeoII (Lynden Bell 1976 , Kroupa et al. 2005 . Of the dwarfs known before the recent flurry of discoveries, 7 out of 10 within ∼ 200 kpc might well be part of the Magellanic group. The remaining 3, Fornax, Sculptor and Carina have been proposed as a second grouping (Lynden Bell 1982) . The distribution of distant halo globular clusters has been used to reinforce the existence of both groups (Kunkel 1979; Majewski 1994) . The association of dwarfs with the orbit of the clouds has been used to argue that they are "tidal dwarfs" formed by condensation from tidal debris or simply unbound debris (Kroupa et al. 2005) . This is challenged by the dark matter seen in the dwarfs and their "flawless density profiles" that would be unexplained if they were tidal debris that is not relaxed and virialized (Ségall et al. 2007 ). All of the observed properties are consistent with the tidal breakup of an LMC group. Clearly, the LMC group has been recognized for many years. Here we examine its substructure distribution. Figure 1 shows the circular velocity Table 1 and the text) and to the galaxy cluster Virgo (open circles). The circular velocities are normalized to the parent circular velocity cumulative distribution of the dwarf galaxies (substructures) within the LMC group in comparison with the distribution inferred for the Milky Way and cluster of galaxies like Virgo.
To date, no substructure functions have been constructed from observations of low luminosity ans mass systems, so the LMC group offers a nearly unique opportunity to explore this. The LMC's rotation velocity is 75 km s −1 (Kim et al. 1998 ) and its brightest satellite, the SMC, has a rotation velocity of 36 km s −1 (Hindman 1967 , Loiseau & Bajaja 1981 , so we find a sensible ratio of ∼ 0.5 that is near the high end of the satellite cumulative velocity function. An estimate of the mass ratio of the Milky Way to LMC group prior to its break up is the ratio of their relative circular velocities cubed, which is 25 (from the eq(1)). This is nearly an exact fit to the mean CDM prediction, the discordance between theory and observation is at lower luminosity. The LMC group has half of all the dwarfs that were known a few years ago, but only 4% of the mass of the Milky Way. CDM models predict ∼ 10 × 2 ±1 subhalos with velocity dispersions greater than 9 km s −1 in a parent halo the size of the LMC. So, concerning the substructure distribution within the dwarf systems we argue that the observed dwarf galaxies are within the cosmic variation of the predictions, in strong contrast to well studied bright galaxies, e.g. the Milky Way, M31 and some bright galaxy groups (D'Onghia & Lake 2004).
Nearby Dwarf Groups and their satellites
There are very few nearby low luminosity galaxies with associated companions. Tully et al. (2006) find several associations are not dense enough to be virialized groups. Of the eight associations they compiled, there are only three where the two brightest galaxies are at least 1.5 magnitudes different in brightness. In the other five, the two brightest galaxies are certain to merge if the associations collapse and virialize. We separate those five groups and show them below the line in the middle of Table 1 . We include the three associations around the galaxies NGC3109, NGC1313 and NGC4214 in Table Table 1 presents the name of the nearby low luminosity galaxies with associated companions, the circular velocity of the host halo,v par , the velocity of the smallest detected object,v min , the number of observed members, N obs , the number of members predicted from CDM models using the eq. (1), and the ratio between the observed and expected number of members. Velocity dispersions are converted to circular velocities using v circ = √ 3σ. The Milky Way data includes the newest dwarfs with a minimum σ = 3.3 km s −1 and a correction for incomplete sky coverage (Simon & Geha 2007) . The LMC and Fornax rows use the candidate list given above (exclusive of the new smaller dwarfs that are also in the plane). Note that the predicted number of members from CDM models, N CDM , has a cosmic scatter of a factor 2-3. While invariant with mass, it has only been examined for the mass range 10 11 − 10 14 M ⊙ . The remaining list of objects in table 1 comes from the dwarf associations of Tully et al. (2006) . These "associations" are not virialized.
NGC 3109 has a rotation velocity roughly equal to the LMC, while the other two are somewhat larger with rotation velocities of 88 and 131 km s −1 . The results shown in Table 1 reinforce the result found for the LMC group, where the abundance of dwarfs in lower luminosity parents is much closer to CDM predictions even for dwarfs with rotation velocities of 15 − 25 km s −1 . Finally, we note that the dwarfs in the halo of M31 have been grouped into planes as might be expected if they entered in association with galaxies such as M33 (Koch & Grebel 2006) . The data is certainly limited, but the comparison with ΛCDM predictions is one way of quantifying the general notion that "dwarfs galaxies survive within bigger dwarfs".
THE LMC GROUP IN A MILKY WAY COSMOLOGICAL

SIMULATION
We looked at a small catalog of high resolution galaxies in a cosmological volume to see if we could find an example of a late infalling LMC group into a Milky Way galaxy. The one that we present was a high-resolution cosmological sim-ulation of a loose group with properties similar to the Local Group. The Milky Way sized halo was identified in a cosmological simulation of box 90 Mpc (comoving) on a side of 300 3 particles using the tree code PKDGRAV (Stadel 2001 ) with cosmological parameters chosen to match the WMAP3 constraints (Spergel et al. 2006) . These are characterized by the present-day matter density parameter, Ω 0 = 0.238; a cosmological constant contribution, Ω Λ =0.762; and a Hubble parameter h = 0.73 (H 0 = 100 h km s −1 Mpc −1 ). The mass perturbation spectrum has a spectral index, n = 0.951, and is normalized by the linear rms fluctuation on 8 Mpc/h radius spheres, σ 8 = 0.75. The loose group containing the Milky Way sized halo was selected and resimulated to higher resolution using GRAFIC 2 (Bertschinger 2001) .There are almost 6 million particles inside the high resolution region. The subhalos at z=0 are identified using SKID (Stadel 2001) .
The object that we refer to as the simulated Milky Way has a peak circular velocity of 206 km s −1 . There are "Magellanic Clouds" that enter in a group with circular velocities of 62 and 53 km s −1 (see Figure 3) . Within the virial radius of the simulated Milky Way, there are a total of 70 satellites with circular velocities greater than 10 km s −1 . There are 23 surviving satellites of the simulated Magellanic group with 13 of them within the virial radius of the larger galaxy and 10 of them outside. While the Magellanic group contributes less than 10% of the mass, it is responsible for nearly 1/5 of the subhalos within the virial radius. The cumulative circular velocity function of the satellites contributed by the infalling group in the simulation is compared to the Magellanic plane group (see table 1) in Figure 2 together with the observed Milky Way substructure function.
First we note that CDM predicts ∼ 10 × 2 ±1 subhalos with velocity dispersions greater than 9 km s −1 in a parent halo the size of the LMC. The observed group members are within the cosmic variance of the ΛCDM model predictions, yet in strong contrast to well-studied bright galaxies, e.g. the Milky Way, M31 and Cen A (D'Onghia & Lake 2004).
DISCUSSIONS AND CONCLUSIONS
Since galaxy halos were first found to be deficient in substructure, suppressing star formation in small halos has been the favorite way to reconcile the theory with observations. A range of mechanisms have been examined: expelling gas out of small dark halos using photoionization, winds driven by the first stars, and ram pressure stripping (c.f. Bullock et al. 2000 , Somerville 2002 , Benson et al. 2002 . When the gas is blown out of a subhalo, it eventually thermalizes to the virial temperature of the parent halo, which is 2−5×10 6 K in bright galaxies such as the Milky Way, Andromeda or Cen A. At this temperature, the cooling times are long enough that there can be a considerable reservoir of hot gas and there is no possibility that a subhalo with a velocity scale of 10-30 km s −1 will reaccrete any gas. However, in a small parent halo like the LMC, the virial temperature is only 2 × 10 5 K. This is at the peak of the cooling curve and the gas rapidly cools to 10 4 K. In a group with this virial temperature, it is not possible to maintain a gaseous halo capable of stripping a subhalo by ram pressure. The internal velocity scale of 10−30 km s −1 in the dwarf halos might well be sufficient to reaccrete some of this gas leading to delayed episodes of star formation, a puzzling phenomena seen in the Local Group dwarfs (Mateo 1998 , Grebel 1997 . Our model addresses many of the outstanding problems in galaxy formation, particularly those associated with dwarf galaxies, while making clear predictions FIG. 3.-The LMC group (at the bottom) approaching the Milky Way halo at z > 1 that can be tested in the near future. First, it explains the association of many of the dwarf galaxies in the Local Group with the LMC system. We find that the LMC group provides a much better fit to the satellite distribution expected in the CDM theory down to a limit imposed by the global photoionization of the Universe, supporting a "gas physics" solution to the missing satellite rather than one that proposes altering the initial power spectrum. It predicts that other isolated dwarfs will be found to have companions down to this mass limit. The nearby dwarf associations provide tentative confirmation. The reaccretion of gas by the satellites from cold gas in the LMC group halo explains the protracted star formation in Local Group dwarfs.
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